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(54) Inverter power source apparatus using a piezoelectric transformer 



(57) An inverter power source apparatus using a 
piezoelectric transformer, has : variable oscillating 
device for oscillating a pulse signal; pulse-width chang- 
ing device for changing a width of said pulse signal of 
said variable oscillating device; driving device for gener- 
ating a driving signal on the basis of an output of said 
pulse-width changing device; a piezoelectric trans- 
former which is driven by said driving signal, drives a 
predetermined load, and has input and output elec- 
trodes; detecting device for detecting a relationship 
between said driving signal and a resonance frequency 
of said piezoelectric transformer, and for, on the basis of 

Fi g. 1 



a result of the detection, controlling a frequency of said 
oscillation signal of said variable oscillating device so 
that a difference between said resonance frequency 
and a frequency of said driving signal is substantially 
within a preset range; and pulse-width controlling 
device for, when a detection results of said detecting 
device shows that said difference between said reso- 
nance frequency and said frequency of said driving sig- 
nal is substantially within said preset range, controlling 
said pulse-width changing device so that a current flow- 
ing through said load is substantially constant 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates an inverter power source 
apparatus using a piezoelectric transformer which 
transforms the amplitude of an AC voltage by the piezo- 
electric effect of a piezoelectric element such as a pie- 
zoelectric ceramics. 

2. Related Art of the Invention 

A piezoelectric transformer developed at the end of 
the nineteen fifties was further developed because it 
received attention as a step-up transformer for a high 
voltage power source. However, material restrictions 
such as a breaking strength of a piezoelectric ceramic 
material prevented a piezoelectric transformer from 
being greatly commercially introduced, and its develop- 
ment was suspended. In recent years, development of a 
high-strength piezoelectric ceramic progresses, and 
portable information devices such as note-type per- 
sonal computers, electronic organizers, and game 
machines are significantly required to be smaller and 
thinner. With such development and requirements, 
great attention is again directed toward a piezoelectric 
transformer as a step-up transformer in an inverter 
power source for a liquid crystal back light which is 
mounted on such a device. 

An inverter for a liquid crystal back light is used as 
a power source for a cold cathode fluorescent lamp 
which is used as a source for a back light. The inverter 
requires transformation of a low DC voltage such as 5 V, 
9 V, or 1 2 V supplied from a battery to a high-frequency 
voltage of a high voltage of about 1,000 Vrms at a start 
of the lighting and of about 500 Vrms in a steady state. 
An electromagnetic wound-type transformer which is 
currently used in an inverter for a back light utilizes a 
horizontal structure having a special core so as to com- 
ply with a tendency to a thinner body. In order to ensure 
a withstand voltage, however, there is a limit for realizing 
a smaller and thinner transformer. In addition, because 
the core loss is large and the use of a thin copper wire 
causes the winding loss to be increased, the efficiency 
is disadvantageous^ low. 

On the other hand, a piezoelectric transformer has 
the following configuration. Primary (input side) and 
secondary (output side) electrodes are disposed on a 
piezoelectric ceramic material such as lead zirconate 
titanate (PZT) or a piezoelectric crystal material such as 
lithium niobate. An AC voltage of a frequency which is in 
the vicinity of the resonance frequency of the piezoelec- 
tric transformer is applied to the primary electrode so 
that the piezoelectric transformer is caused to mechan- 
ically resonate. The mechanical oscillation is trans- 
formed by the piezoelectric effect so as to be taken out 
from the secondary electrode on the secondary side in 



the form of a high voltage. Such a piezoelectric trans- 
former has features that it can realize a smaller body, 
and especially a thinner body as compared with an elec- 
tromagnetic transformer, and can attain a high conver- 

5 sion efficiency. Unlike an electromagnetic wound-type 
transformer, a piezoelectric transformer is prevented 
from being caused by overload to burn, and hence has 
higher reliability. 

Hereinafter, a prior art inverter power source appa- 

10 ratus using a piezoelectric transformer will be described 
with reference to the relevant drawings. 

Fig. 9 is a view schematically showing a Rosen- 
type piezoelectric transformer. The piezoelectric trans- 
former is constructed in such a manner that electrodes 

is on the primary side (input side) and the secondary side 
(output side) are disposed on a rectangular plate made 
of a piezoelectric ceramic material such as lead zirco- 
nate titanate (PZT). As indicated by P in the figure, the 
primary electrode portion is polarized in the thickness 

20 direction of the rectangular plate, and the secondary 
electrode portion is polarized in the longitudinal direc- 
tion of the rectangular plate. When an AC voltage of a 
frequency in the vicinity of the resonance frequency of 
the piezoelectric transformer is applied to the primary 

25 electrodes, the piezoelectric transformer is caused to 
mechanically oscillate in the longitudinal direction. The 
mechanical oscillation is transformed into a voltage by 
the piezoelectric effect, so as to be taken out as a high- 
voltage power from the secondary electrodes. 

30 Conventional systems for driving a piezoelectric 
transformer include a self-excited oscillation circuit sys- 
tem in which a piezoelectric transformer is connected in 
a loop of an oscillation circuit, and a separately excited 
oscillation circuit system in which an oscillation circuit is 

35 separately disposed. The self-excited oscillation circuit 
system has a problem in conversion efficiency, and con- 
tains drawbacks such as that the system cannot follow a 
large fluctuation of loads. Because of these reasons, in 
recent prior art examples, the separately excited oscilla- 

40 tion circuit system is often used. 

Fig. 10 is a block diagram of a prior art driving cir- 
cuit of separately excited oscillation circuit type for the 
Rozen-type piezoelectric transformer shown in Fig. 9, 
i.e., a prior art inverter power source apparatus using a 

45 piezoelectric transformer. Referring to Fig. 10, an oscil- 
lation circuit 101 generates an AC driving signal in the 
vicinity of the resonance frequency of a piezoelectric 
transformer 104 and the output signal of the oscillation 
circuit 101 contains signals other than the driving fre- 

50 quency component. These signals are transformed into 
a loss or heat in the piezoelectric transformer 104. 
Therefore, the output signal of the variable oscillation 
circuit 101 is waveform-shaped into a substantially sinu- 
soidal wave by a waveform shaping circuit 102 in order 

55 to reduce a loss in the piezoelectric transformer 1 04. As 
the waveform shaping circuit 1 02, a low pass filter which 
functions only to reduce high-frequency components is 
used in a simple case, and a bandpass filter which 
reduces low-and high-frequency components is used in 
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the case where the efficiency is significant. The output 
of the waveform shaping circuit 102 is subjected in a 
driving circuit 103 to current amplification or voltage 
amplification so as to have a level at which the piezoe- 
lectric transformer can be sufficiently driven. The driving 5 
circuit 103 is configured by only a usual amplifying cir- 
cuit consisting of transistors, or by a combination of an 
amplifying circuit and a step-up transformer. The output 
of the driving circuit 103 is boosted by the piezoelectric 
transformer 104, and then applied to, for example, a 10 
cold cathode fluorescent lamp 105 which functions as a 
load, so that the cold cathode fluorescent lamp 1 05 is lit 

The resonance frequency of the piezoelectric trans- 
former 104 is varied because of changes in environ- 
ments such as the temperature and the load. If the 15 
piezoelectric transformer 1 04 is driven by a constant fre- 
quency as in the circuit shown in Fig. 10, therefore, the 
relationship between the resonance frequency of the 
piezoelectric transformer and the driving frequency is 
varied. When the driving frequency is largely deviated 20 
from the resonance frequency of the piezoelectric trans- 
former, the voltage step-up ratio of the piezoelectric 
transformer is significantly reduced so that a sufficient 
current cannot be caused to flow through the cold cath- 
ode fluorescent lamp 105. TTius, the cold cathode fluo- 25 
rescent lamp 105 cannot keep sufficient brightness. 

A circuit shown in Fig. 1 1 can comply with the vari- 
ation in the characteristics such as the resonance fre- 
quency or the like of the piezoelectric transformer 104. 
Fig. 11 is a block diagram of another prior art inverter 30 
power source apparatus for the piezoelectric trans- 
former 104 shown in Fig. 9, i.e., a prior art inverter 
power source apparatus using a piezoelectric trans- 
former. Functions of a variable oscillation circuit 101, a 
waveform shaping circuit 102, a driving circuit 103, and 35 
a piezoelectric transformer 104 are the same as those 
in the circuit shown in Fig. 10. However, a feedback 
resistor 106 having a small resistance is connected in 
series to the cold cathode fluorescent lamp 105 which is 
a load of the inverter power source apparatus, so that 40 
the current flowing through the cold cathode fluorescent 
lamp 105 is detected via the feedback resistor 106. The 
voltage across the feedback resistor 106 which is pro- 
portional to the current flowing through the cold cathode 
fluorescent lamp 1 05 is input to an oscillation control cir- 45 
curt 107. The oscillation control circuit 107 controls the 
frequency of the output signal of the variable oscillation 
circuit 101 in such a manner that the voltage across the 
feedback resistor 106 is constant, i.e., the current flow- 
ing through the cold cathode fluorescent lamp 105 is so 
constant. As a result of the control, the cold cathode flu- 
orescent lamp 105 is lit with substantially constant 
brightness. Further, 1 10 is a current detecting circuit. 

A circuit shown in Fig. 12 can comply with the vari- 
ation in the characteristics such as the resonance fre- 55 
quency or the like of the piezoelectric transformer 104. 
Fig. 12 is a block diagram of another prior art inverter 
power source apparatus for the piezoelectric trans- 
former 104 shown in Fig. 9, i.e., a prior art inverter 



power source apparatus using a piezoelectric trans- 
former. Functions of a variable oscillation circuit 101, a 
waveform shaping circuit 102, a driving circuit 103, and 
a piezoelectric transformer 104 are the same as those 
in the circuit shown in Fig. 10. However, a feedback 
resistor 106 having a small resistance is connected in 
series to the cold cathode fluorescent lamp 105 so that 
the current flowing through the cold cathode fluorescent 
lamp 105 is detected via the feedback resistor 106. 
When the characteristics such as the resonance fre- 
quency of the piezoelectric transformer 104 are varied 
because of changes in load, environments, or the like. 
The voltage across the feedback resistor 106 which is 
proportional to the current flowing through the cold cath- 
ode fluorescent lamp 105 is input to a pulse-width con- 
trol circuit 108. The pulse- width control circuit 108 
controls a pulse-width varying circuit 109 so as to 
change the pulse width of the output signal of the varia- 
ble oscillation circuit 101 in such a manner that the volt- 
age across the feedback resistor 106 is constant, i.e., 
the current flowing through the cold cathode fluorescent 
lamp 105 is constant. As a result of the control, the cold 
cathode fluorescent lamp 105 is lit with substantially 
constant brightness. Further, 1 10 is a current detecting 
circuit. 

In the above, the driving circuit of the separately 
excited oscillation circuit system has been described as 
a prior art example of the inverter power source appara- 
tus using a piezoelectric transformer. In the above- 
described inverter power source apparatus using a pie- 
zoelectric transformer, the driving frequency of the pie- 
zoelectric transformer is controlled in order that the 
output current flowing through the load connected to the 
piezoelectric transformer is kept substantially constant. 
In other words, when the output current is to be 
increased, the driving frequency is brought close to the 
resonance frequency, and, when the output current is to 
be decreased, the driving frequency is made separate 
from the resonance frequency. In this system, when the 
power source voltage of the circuit is lowered, however, 
a current cannot be sufficiently supplied to the piezoe- 
lectric transformer even if the driving frequency is made 
coincident with the resonance frequency, and also the 
output current cannot be kept to a predetermined value. 
By contrast, when the power source voltage is raised, 
the driving frequency is largely separated from the res- 
onance frequency of the piezoelectric transformer, with 
the result that the driving efficiency is significantly low- 
ered. Also when the load of the piezoelectric trans- 
former is greatly increased or decreased, similarly, the 
output current of the piezoelectric transformer cannot 
be kept to the predetermined value, or the driving fre- 
quency is largely separated from the resonance fre- 
quency, thereby producing a problem in that the driving 
efficiency is significantly lowered. 

Methods are known in which, when the power 
source voltage is varied or when the load of the piezoe- 
lectric transformer is varied, the output voltage of a driv- 
ing circuit is changed without changing the driving 
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frequency. Among such methods, a method in which the 
pulse width is modulated is usually employed. In this 
case, when the pulse width is decreased (the duty is 
decreased), high-frequency components other than the 
fundamental driving frequency are increased. Such 
high-frequency components are transformed into a loss 
by the piezoelectric transformer so that heat generation 
is increased in the piezoelectric transformer, thereby 
producing problems in that the driving efficiency is low- 
ered and reliability also is significantly impaired. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an inverter 
power source apparatus using a piezoelectric trans- 
former which, even when the power source voltage or 
the load of the piezoelectric transformer is largely 
changed, can sufficiently comply with such a large 
change, thereby satisfying all the conditions of high driv- 
ing efficiency, high reliability, and a long life period. 

An inverter power source apparatus using a piezo- 
electric transformer of the present invention comprises: 

variable oscillating means for oscillating a pulse sig- 
nal; 

pulse-width changing means for changing a width 
of said pulse signal of said variable oscillating 
means; 

driving means for generating a driving signal on the 
basis of an output of said pulse-width changing 
means; 

a piezoelectric transformer which is driven by said 
driving signal, drives a predetermined load, and 
has input and output electrodes; 
detecting means for detecting a relationship 
between said driving signal and a resonance fre- 
quency of said piezoelectric transformer, and for, on 
the basis of a result of the detection, controlling a 
frequency of said oscillation signal of said variable 
oscillating means so that a difference between said 
resonance frequency and a frequency of said driv- 
ing signal is substantially within a preset range; and 
pulse-width controlling means for, when a detection 
results of said detecting means shows that said dif- 
ference between said resonance frequency and 
said frequency of said driving signal is substantially 
within said preset range, controlling said pulse- 
width changing means so that a current flowing 
through said load is substantially constant. 

An inverter power source apparatus using a piezo- 
electric transformer of the present invention comprises: 

variable oscillating means for oscillating a pulse sig- 
nal; 

pulse-width changing means for changing a width 
of said pulse signal of said variable oscillating 
means; 

driving means for amplifying a power of an output 



signal of said pulse-width changing means, thereby 
generating a driving signal; 
a piezoelectric transformer which is driven by said 
driving signal, drives a predetermined load, and 

5 has input and output electrodes; 

detecting means for detecting a relationship 
between said driving signal and a resonance fre- 
quency of said piezoelectric transformer, and for, on 
the basis of a result of the detection, controlling a 

10 frequency of said oscillation signal of said variable 
oscillating means so that a difference between said 
resonance frequency and a frequency of said driv- 
ing signal is substantially within a preset range; 
pulse-width controlling means for, when a detection 

15 results of said detecting means shows that said dif- 
ference between said resonance frequency and 
said frequency of said driving signal is substantially 
within said preset range, controlling said pulse- 
width changing means so that a current flowing 

20 through said load is substantially constant; and 

a DC-DC converter which changes a voltage of a 
direct-current power source of said driving means 
on the basis of a pulse width in said pulse-width 
changing means or on the basis of a power source 

25 voltage. 

An inverter power source apparatus using a piezo- 
electric transformer of the present invention comprises: 

30 variable oscillating means for oscillating a pulse sig- 
nal; 

pulse-width changing means for changing a width 
of said pulse signal of said variable oscillating 
means; 

35 driving means for amplifying a power of an output 
signal of said pulse-width changing means, thereby 
generating a driving signal; 
a step-up transformer in which a step-up ratio of 
boosting said driving signal is changeable; 

40 a piezoelectric transformer which is driven by an 
output of said step-up transformer, drives a prede- 
termined load, and has input and output electrodes; 
detecting means for detecting a relationship 
between said driving signal and a resonance fre- 

45 quency of said piezoelectric transformer, and for, on 
the basis of a result of the detection, controlling a 
frequency of said oscillation signal of said variable 
oscillating means so that a difference between said 
resonance frequency and a frequency of said driv- 

so ing signal is substantially within a preset range; 

pulse-width controlling means for, when a detection 
results of said detecting means shows that said dif- 
ference between said resonance frequency and 
said frequency of said driving signal is substantially 

55 within said preset range, controlling said pulse- 
width changing means so that a current flowing 
through said load is substantially constant; and 
step-up ratio changing means for changing said 
step-up ratio of said step-up transformer on the 
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basis of a pulse width in said pulse-width changing 
means or on the basis of a power source voltage. 

An inverter power source apparatus using a piezo- 
electric transformer of the present invention comprises: 

variable oscillating means for oscillating a pulse sig- 
nal; 

pulse-width changing means for changing a width 
of said pulse signal of said variable oscillating 
means; 

driving means for generating a driving signal on the 
basis of an output of said pulse-width changing 
means; 

a piezoelectric transformer which is driven by said 
driving signal, drives a predetermined load, and 
has input and output electrodes; 
detecting means for detecting a relationship 
between said driving signal and a resonance fre- 
quency of said piezoelectric transformer, and for, on 
the basis of a result of the detection, controlling a 
frequency of said oscillation signal of said variable 
oscillating means so that a difference between said 
resonance frequency and a frequency of said driv- 
ing signal is substantially within a preset range; and 
pulse-width controlling means for, when a detection 
results of said detecting means shows that said dif- 
ference between said resonance frequency and 
said frequency of said driving signal is substantially 
within said preset range, controlling said pulse- 
width changing means so that a current flowing 
through said load is substantially constant, 
said variable oscillating means bringing said fre- 
quency to said resonance frequency as close as 
possible, until the width of said pulse signal reaches 
a predetermined limit. 

An inverter power source apparatus using a piezo- 
electric transformer of the present invention comprises: 

variable oscillating means for oscillating a pulse sig- 
nal; pulse-width changing means for changing a 
width of said pulse signal of said variable oscillating 
means; 

driving means for generating a driving signal on the 
basis of an output of said pulse-width changing 
means; 

a piezoelectric transformer which is driven by said 
driving signal, drives a predetermined load, and 
has input and output electrodes; 
detecting means for detecting a relationship 
between said driving signal and a resonance fre- 
quency of said piezoelectric transformer, and for, on 
the basis of a result of the detection, controlling a 
frequency of said oscillation signal of said variable 
oscillating means so that a difference between said 
resonance frequency and a frequency of said driv- 
ing signal is substantially within a preset range; and 
pulse-width controlling means for, when a detection 



results of said detecting means shows that said dif- 
ference between said resonance frequency and 
said frequency of said driving signal is substantially 
within said preset range, controlling said pulse- 

5 width changing means so that a current flowing 
through said load is substantially constant, 
said pulse-width controlling means bringing a duty 
ratio of a pulse to a predetermined value as close 
as possible, until said frequency reaches a limit 

10 value which is determined on the basis of said res- 
onance frequency. 

According to the invention, an inverter power 
source apparatus using a piezoelectric transformer can 

is be provided in which the control range of the output cur- 
rent is widened by an operation of controlling the pulse 
width of a driving signal, so that, even when the load is 
largely changed, the apparatus can sufficiently comply 
with the change, and in which the driving efficiency is 

20 made high by setting the relationship between the reso- 
nance frequency of the piezoelectric transformer and 
the driving frequency substantially constant by the con- 
trol of the driving frequency 

According to the invention, an inverter power 

25 source apparatus using a piezoelectric transformer can 
be provided in which the control range of the output cur- 
rent is widened by operations of controlling the pulse 
width of a driving signal and controlling a DC power 
source, so that, even when the load is largely changed, 

30 the apparatus can sufficiently comply with the change, 
and in which the driving efficiency is made high by set- 
ting the relationship between the resonance frequency 
of the piezoelectric transformer and the driving fre- 
quency substantially constant by the control of the driv- 

35 ing frequency. 

According to the invention, an inverter power 
source apparatus using a piezoelectric transformer can 
be provided in which the control range of the output cur- 
rent is widened by operations of controlling the pulse 

40 width of a driving signal and controlling the step-up 
ratio, so that, even when the load is largely changed, the 
apparatus can sufficiently comply with the change, and 
in which the driving efficiency is made high by setting 
the relationship between the resonance frequency of 

45 the piezoelectric transformer and the driving frequency 
substantially constant by the control of the driving fre- 
quency. 

According to the fourth invention of the invention, 
an inverter power source apparatus using a piezoelec- 

50 trie transformer can be provided in which the control 
range of the output current is widened by a control of the 
driving frequency and an operation of controlling the 
pulse width of the driving signal, so that, even when the 
load is largely changed, the apparatus can sufficiently 

55 comply with the change, and in which the driving effi- 
ciency is made high by setting the relationship between 
the resonance frequency of the piezoelectric trans- 
former and the driving frequency substantially constant. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of Embodiment 1 of the 
inverter power source apparatus using a piezoelectric 
transformer according to the invention. s 

Fig. 2 is a frequency characteristic graph of an out- 
put load current, the phase difference between a volt- 
age across a feedback resistor and an input voltage of a 
piezoelectric transformer, and the driving efficiency. 

Fig. 3 is a block diagram of Embodiment 2 of the 10 
inverter power source apparatus using a piezoelectric 
transformer according to the invention. 

Fig. 4 is a frequency characteristic graph of an out- 
put load current, the phase difference between a volt- 
age across a feedback resistor and an input voltage of a 75 
piezoelectric transformer, and the driving efficiency. 

Fig. 5 is a block diagram of Embodiment 3 of the 
inverter power source apparatus using a piezoelectric 
transformer according to the invention. 

Fig. 6 is a frequency characteristic graph of an out- 20 
put load current, the phase difference between a volt- 
age across a feedback resistor and an input voltage of a 
piezoelectric transformer, and the driving efficiency. 

Fig. 7 is a block diagram of Embodiment 4 of the 
inverter power source apparatus using a piezoelectric 25 
transformer according to the invention. 

Fig. 8 is a frequency characteristic graph of an out- 
put load current, the phase difference between a volt- 
age across a feedback resistor and an input voltage of a 
piezoelectric transformer, and the driving efficiency. 30 

Fig. 9 is a diagram showing the configuration of a 
conventional Rosen-type piezoelectric transformer. 

Fig. 10 is a block diagram of a prior art inverter 
power source apparatus using a piezoelectric trans- 
former. 35 

Fig. 1 1 is a block diagram of another prior art 
inverter power source apparatus using a piezoelectric 
transformer. 

Fig. 12 is a block diagram of another prior art 
inverter power source apparatus using a piezoelectric 40 
transformer. 

[Legend of the Reference Numerals] 

1 variable oscillation circuit 45 

2 waveform shaping circuit 

3 driving circuit 

4 piezoelectric transformer 

5 cold cathode fluorescent lamp 

6 feedback resistor so 

7 current detecting circuit 

8 phase detecting circuit 

9 pulse-width control circuit 

10 pulse-width varying circuit 

1 1 DC-DC converter ss 

12 step-up ratio varying circuit 

13 step-up transformer 



Description of the Preferred Embodiments 

Hereinafter, embodiments of the invention will be 
described in detail with reference to the drawings. 

(Embodiment 1) 

Fig. 1 is a block diagram showing an inverter power 
source apparatus using a piezoelectric transformer 
which is an embodiment of the invention. In the figure, 
the piezoelectric transformer 4 may be a piezoelectric 
transformer of any desired type, i.e., the Rosen type or 
another type. A variable oscillation circuit 1 generates 
an AC driving signal of a frequency which is in the vicin- 
ity of and higher than the resonance frequency of the 
piezoelectric transformer 4. The output of the variable 
oscillation circuit 1 is input to a pulse-width varying cir- 
cuit 10 wherein the AC output signal of the variable 
oscillation circuit 1 is subjected to the pulse width mod- 
ulation. When the piezoelectric transformer 4 is driven 
by a driving signal having a pulse waveform, high-fre- 
quency components other than those in the vicinity of 
the resonance frequency are transformed into heat in 
the piezoelectric transformer 4. In the view point of the 
reliability of the piezoelectric transformer 4 and the con- 
version efficiency, the high-frequency components of 
the output signal of the variable oscillation circuit 1 are 
removed away by a waveform shaping circuit 2 so that 
the output signal is shaped into a substantially sinusoi- 
dal wave. In a simple case, the waveform shaping circuit 
2 is a low pass filter In the case where the efficiency is 
especially significant, a bandpass filter is used as the 
waveform shaping circuit 2. The output of the waveform 
shaping circuit 2 is subjected by a driving circuit 3 to cur- 
rent amplification or voltage amplification so as to be 
amplified to a level sufficient for driving the piezoelectric 
transformer 4. The driving circuit 3 is configured by only 
a usual amplifying circuit consisting of transistors, or by 
a combination of an amplifying circuit and a step-up 
transformer. The output of the driving circuit 3 is input to 
the piezoelectric transformer 4. The piezoelectric trans- 
former 4 boosts the input voltage by the piezoelectric 
effect. The output signal of the piezoelectric transformer 
is applied to a cold cathode fluorescent lamp 5 which is 
a load, so that the cold cathode fluorescent lamp 5 is lit. 

The resonance frequency of the piezoelectric trans- 
former 4 is varied by changes in environments such as 
the ambient temperature and the load, or by a tempera- 
ture rise due to the driving operation. If the piezoelectric 
transformer 4 is driven by a constant frequency, there- 
fore, the relationship between the resonance frequency 
of the piezoelectric transformer 4 and the driving fre- 
quency is varied. If the driving frequency is largely devi- 
ated from the resonance frequency of the piezoelectric 
transformer 4, the voltage step-up ratio of the piezoelec- 
tric transformer 4 is critically reduced and a sufficient 
voltage cannot be applied to the load (in the embodi- 
ment, the cold cathode fluorescent lamp 5). As a result, 
a sufficient current cannot be caused to flow through the 
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cold cathode fluorescent lamp 5, and the cold cathode 
fluorescent lamp 5 cannot keep sufficient brightness. 

The circuit shown in Fig. 1 can comply with the var- 
iation in the characteristics such as the resonance fre- 
quency of the piezoelectric transformer 4. A feedback 
resistor 6 having a small resistance is connected in 
series to the cold cathode fluorescent lamp 5. The feed- 
back resistor 6 is used for detecting the current flowing 
through the cold cathode fluorescent lamp 5. The volt- 
age across the feedback resistor 6 is input to a current 
detecting circuit 7. The current detecting circuit 7 
detects the load current flowing through the cold cath- 
ode fluorescent lamp 5, from the voltage across the 
feedback resistor 6, and supplies the results to a pulse- 
width control circuit 9. The pulse-width control circuit 9 
controls the pulse width of the output signal of the vari- 
able oscillation circuit 1 via the pulse-width varying cir- 
cuit 10 so that the voltage across the feedback resistor 
6 is constant, i.e., the load current flowing through the 
cold cathode fluorescent lamp 5 is constant. When the 
current of the cold cathode fluorescent lamp 5 which is 
the load is decreased, for example, the voltage across 
the feedback resistor 6 is lowered. The pulse-width con- 
trol circuit 9 detects that the voltage across the feedback 
resistor 6 becomes lower than a predetermined value, 
and gives the pulse-width varying circuit 10 instructions 
for increasing the pulse width of the driving signal. Con- 
sequently, the amplitude of the output signal of the 
waveform shaping circuit 2 is increased so that the input 
of the piezoelectric transformer 4 is increased, thereby 
increasing the current of the cold cathode fluorescent 
lamp 5. By contrast, when the current of the cold cath- 
ode fluorescent lamp 5 is increased, the voltage across 
the feedback resistor 6 is raised. The pulse-width con- 
trol circuit 9 detects that the voltage across the feedback 
resistor 6 becomes higher than the predetermined 
value, and gives the pulse-width varying circuit 10 
instructions for decreasing the pulse width of the driving 
signal. Consequently, the amplitude of the output signal 
of the waveform shaping circuit 2 is decreased so that 
the input of the piezoelectric transformer 4 is 
decreased, thereby reducing the current of the cold 
cathode fluorescent lamp 5. As a result of the control, 
the current of the cold cathode fluorescent lamp 5 
becomes substantially constant and the cold cathode 
fluorescent lamp is lit with substantially constant bright- 
ness. 

When only the control of changing the pulse width 
of the driving signal is conducted in order to make sub- 
stantially constant the current of the cold cathode fluo- 
rescent lamp 5 which is the load, however, there is a 
possibility that the relationship between the driving fre- 
quency and the resonance frequency of the piezoelec- 
tric transformer is not substantially constant. When the 
driving frequency is largely deviated from the resonance 
frequency of the piezoelectric transformer 4, the driving 
efficiency of the piezoelectric transformer 4 is signifi- 
cantly lowered. In the case where only the control of 
changing the pulse width is conducted, moreover, there 



may be a case where, when the load is increased, a suf- 
ficient current cannot be supplied to the load. To comply 
with this, in the circuit of Fig. 1 , the relationship between 
the resonance frequency of the piezoelectric trans- 

5 former 4 and the driving frequency is limited by a phase 
detecting circuit 8. Furthermore, in addition to the pulse- 
width control, also the change of the driving frequency 
within a preset range is conducted. 

Fig. 2 shows frequency characteristics of the output 

io current of the piezoelectric transformer 5 which flows 
into the load, the phase difference between the voltage 
across the feedback resistor 6 and the input voltage of 
the piezoelectric transformer 4, and the driving effi- 
ciency. The operations of limiting and changing the driv- 

15 ing frequency in the circuit of Fig. 1 will be described 
with reference to the characteristic graph of Fig. 2. 
Before the fluorescent lamp is driven, a range P r P 2 of 
the phase difference is previously determined. When 
the circuit of Fig. 1 start to operate, the variable oscilla- 

20 tion circuit 1 generates the AC driving signal of a fre- 
quency which is in the vicinity of and higher than the 
resonance frequency of the piezoelectric transformer 4. 
The phase detecting circuit 8 detects the phase differ- 
ence P between the voltage across the feedback resis- 
ts tor 6 and the input voltage of the piezoelectric 
transformer 4, and sets the driving frequency via the 
variable oscillation circuit 1 so that the phase difference 
is always equal to or smaller than P 1 . In an initial stage, 
the operation frequency is sufficiently higher than the 

30 resonance frequency, and hence the phase difference is 
not smaller than P 1 so that the driving frequency is low- 
ered until the phase difference is lowered so as not to be 
larger than P 1 and to be within the preset range Pr p 2- 
In order to inform whether the driving frequency is cur- 

35 rently within the preset range or not, the detection 
results of the phase detecting circuit 8 are input also to 
the pulse-width control circuit 9. 

When the phase difference is within the preset 
range P1-P2. the control of changing the pulse width of 

40 the driving signal is enabled. Specifically, when the 
phase difference is within the preset range P r P 2 and 
the output current is decreased, the pulse-width control 
circuit 9 gives the pulse-width varying circuit 10 instruc- 
tions for increasing the pulse width of the driving signal, 

45 so that the amplitude of the output signal of the wave- 
form shaping circuit 2 is increased. By contrast, when 
the load current is increased, the pulse-width control cir- 
cuit 9 gives the pulse-width varying circuit 10 instruc- 
tions for decreasing the pulse width of the driving signal, 

so so that the amplitude of the output signal is decreased. 
When the phase difference is caused by any reason to 
be outside the preset range Pi -P 2 and equal to or larger 
than P 1( the operation of the pulse-width control circuit 
9 is stopped and the driving frequency is changed via 

55 the variable oscillation circuit 1 so that the phase differ- 
ence is always within the preset range PrP 2 , with the 
result that the input of the piezoelectric transformer 4 is 
changed by the pulse-width varying circuit 10. 

In the embodiment, the phase difference between 
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the driving voltage of the piezoelectric transformer 4 
and the current flowing into the cold cathode fluorescent 
lamp 5 which is the load is used in the detection of the 
resonance characteristics of the piezoelectric trans- 
former 4. It is a matter of course that the same effects 5 
can be attained in a configuration in which the phase dif- 
ference between the driving voltage of the cold cathode 
fluorescent lamp 5 which is the load and the current 
flowing into the cold cathode fluorescent lamp 5, that 
between the input and output voltages of the piezoelec- w 
trie transformer 4, that between the input and output 
currents of the piezoelectric transformer 4, the fre- 
quency characteristics of the input or output current of 
the piezoelectric transformer 4, or the like is used. 

An inverter power source apparatus using a piezo- is 
electric transformer can be provided in which the control 
range of the output current is widened by the above- 
described operation of changing the pulse width of the 
driving signal while limiting the variable frequency range 
of the driving signal, so that, even when the load is 20 
changed, the apparatus can sufficiently comply with the 
change, and in which the driving efficiency is made high 
by setting the driving frequency within the preset range 
which is determined on the basis from the resonance 
characteristics of the piezoelectric transformer. 25 

(Embodiment 2) 

Fig. 3 is a block diagram showing an inverter power 
source apparatus using a piezoelectric transformer 30 
which is a second embodiment of the invention. In the 
figure, the piezoelectric transformer 4 may be a piezoe- 
lectric transformer of any desired type, i.e., the Rosen 
type or another type. A variable oscillation circuit 1 gen- 
erates an AC driving signal of a frequency which is in 35 
the vicinity of the resonance frequency of the piezoelec- 
tric transformer 4. The output of the variable oscillation 
circuit 1 is input to a pulse-width varying circuit 10 
wherein the AC output signal of the variable oscillation 
circuit 1 is subjected to the pulse width modulation. 40 
When the piezoelectric transformer 4 is driven by a driv- 
ing signal having a pulse waveform, high-frequency 
components other than those in the vicinity of the reso- 
nance frequency are transformed into heat in the piezo- 
electric transformer 4. In the view point of the reliability 45 
of the piezoelectric transformer 4 and the conversion 
efficiency, the high-frquency components of the output 
signal of the variable oscillation circuit 1 are removed 
away by a waveform shaping circuit 2 so that the output 
signal is shaped into a substantially sinusoidal wave. In so 
a simple case, the waveform shaping circuit 2 is a low 
pass filter. In the case where the efficiency is especially 
significant, a bandpass filter is used as the waveform 
shaping circuit 2. The output of the waveform shaping 
circuit 2 is subjected by a driving circuit 3 to current ss 
amplification or voltage amplification so as to be ampli- 
fied to a level sufficient for driving the piezoelectric 
transformer 4. The driving circuit 3 is configured by only 
a usual amplifying circuit consisting of transistors, or by 



a combination of an amplifying circuit and a step-up 
transformer, The driving circuit 3 is powered by an out- 
put of a DC-DC converter 1 1 . The output of the driving 
circuit 3 is input to the piezoelectric transformer 4. 19 is 
a power source voltage detecting circuit. The piezoelec- 
tric transformer 4 boosts the input voltage by the piezo- 
electric effect. The output signal of the piezoelectric 
transformer is applied to a cold cathode fluorescent 
lamp 5 which is a load, so that the cold cathode fluores- 
cent lamp 5 is lit. 

Trie resonance frequency of the piezoelectric trans- 
former 4 is varied by changes in environments such as 
the ambient temperature and the load, or by a tempera- 
ture rise due to the driving operation. If the piezoelectric 
transformer 4 is driven by a constant frequency, there- 
fore, the relationship between the resonance frequency 
of the piezoelectric transformer 4 and the driving fre- 
quency is varied. If the driving frequency is largely devi- 
ated from the resonance frequency of the piezoelectric 
transformer 4, the voltage step-up ratio of the piezoelec- 
tric transformer 4 is critically reduced. As a result, a suf- 
ficient voltage cannot be applied to the cold cathode 
fluorescent lamp 5 which is the load, and hence a suffi- 
cient current cannot be supplied to the fluorescent lamp, 
with the result that the cold cathode fluorescent lamp 5 
cannot keep sufficient brightness. Therefore, the driving 
frequency of the piezoelectric transformer 4 must be 
kept not largely separated from the resonance fre- 
quency. 

The circuit shown in Fig. 3 can comply with the var- 
iation in the characteristics such as the resonance fre- 
quency of the piezoelectric transformer 4. A feedback 
resistor 6 having a small resistance is connected in 
series to the cold cathode fluorescent lamp 5. The feed- 
back resistor 6 is used for detecting the current flowing 
through the cold cathode fluorescent lamp 5. The volt- 
age across the feedback resistor 6 is input to a current 
detecting circuit 7. The current detecting circuit 7 
detects the load current flowing through the cold cath- 
ode fluorescent lamp 5, from the voltage across the 
feedback resistor 6, and supplies the results to a pulse- 
width control circuit 9. The pulse-width control circuit 9 
controls the pulse width of the output signal of the vari- 
able oscillation circuit 1 via the pulse-width varying cir- 
cuit 10 so that the voltage across the feedback resistor 
6 is constant, i.e., the load current flowing through the 
cold cathode fluorescent lamp 5 is constant. When the 
current of the cold cathode fluorescent lamp 5 is 
decreased, for example, the voltage across the feed- 
back resistor 6 is lowered. The pulse-width control cir- 
cuit 9 detects that the voltage across the feedback 
resistor 6 becomes lower than a predetermined value, 
and gives the pulse-width varying circuit 10 instructions 
for increasing the pulse width of the driving signal. Con- 
sequently, the amplitude of the output signal of the 
waveform shaping circuit 2 is increased so that the input 
of the piezoelectric transformer 4 is increased, thereby 
increasing the current of the cold cathode fluorescent 
lamp 5. By contrast, when the current of the cold cath- 
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ode fluorescent lamp 5 is increased, the voltage across 
the feedback resistor 6 is raised. The pulse-width con- 
trol circuit 9 detects that the voltage across the feedback 
resistor 6 becomes higher than the predetermined 
value, and gives the pulse-width varying circuit 10 5 
instructions for decreasing the pulse width of the driving 
signal. Consequently, the amplitude of the output signal 
of the waveform shaping circuit 2 is deceased so that 
the input of the piezoelectric transformer 4 is 
decreased, thereby reducing the current of the cold w 
cathode fluorescent lamp 5. As a result of the control, 
the current of the cold cathode fluorescent lamp 5 
becomes substantially constant and the cold cathode 
fluorescent lamp is lit with substantially constant bright- 
ness. 15 

When only the control of the pulse width of the driv- 
ing signal is conducted by the pulse-width varying circuit 
10 in order to make substantially constant the voltage 
across the feedback resistor 6, i.e., the load current 
flowing through the cold cathode fluorescent lamp 5, 20 
however, the output voltage of the piezoelectric trans- 
former 4 must be lowered in the case where the imped- 
ance of the cold cathode fluorescent lamp 5 decreases 
to a very low level. At this time, the high-frequency com- 
ponents of the driving signal are increased to a very 25 
high level so as to increase the loss of the piezoelectric 
transformer 4, whereby the driving efficiency is lowered 
and reliability also is significantly impaired. 

Fig. 4 shows frequency characteristics of the output 
load current, the phase difference between the voltage 30 
across the feedback resistor 6 and the input voltage of 
the piezoelectric transformer 4, and the driving effi- 
ciency. The operation of the circuit of Fig. 3 will be 
described with reference to the characteristic graph of 
Fig. 4. In the case where the impedance of the cold 35 
cathode fluorescent lamp 5 which is the load decreases 
to a very low level, for example, the output current exhib- 
its the characteristics of the output current 1 even when 
the driving voltage of the piezoelectric transformer 4 is 
constant. In this case, the output current characteristics 40 
become excessively large. At the same time when the 
pulse-width control circuit 9 gives the instructions to the 
pulse-width varying circuit 10, therefore, instructions are 
issued to the DC-DC converter 11. When the pulse 
width seems to be excessively deceased, the DC output 45 
voltage of the DC-DC converter 1 1 is lowered. The low- 
ered DC voltage is supplied as a DC power source to 
the driving circuit 3. As a result, the current characteris- 
tics are transferred from those of the output current 1 to 
those of the output current 2 so that the pulse width of so 
the driving signal is returned to a usual one. By contrast, 
in the case where the impedance of the cold cathode 
fluorescent lamp 5 which is the load increases to a very 
high level, the output current exhibits the characteristics 
of the output current 3 even when the pulse width is 55 
increased so that the driving voltage of the piezoelectric 
transformer 4 is raised. Thus, it is impossible to take out 
a sufficient output current even when the pulse width of 
the driving signal is increased. At the same time when 



the pulse-width control circuit 9 gives the instructions to 
the pulse-width varying circuit 10, instructions are 
issued to the DC-DC converter 11. The DC-DC con- 
verter 1 1 raises the DC output voltage. The raised DC 
voltage is supplied as a DC power source to the driving 
circuit 3. In other words, the conversion of the DC volt- 
age by the DC-DC converter 1 1 is executed when the 
pulse width of the driving signal is outside a certain 
range. 

When only the controls of changing the pulse width 
of the driving signal and changing the DC power source 
are conducted, however, there is a possibility that the 
relationship between the driving frequency and the res- 
onance frequency of the piezoelectric transformer 4 is 
not substantially constant. When the driving frequency 
is largely deviated from the resonance frequency of the 
piezoelectric transformer 4, the driving efficiency of the 
piezoelectric transformer 4 is significantly lowered, or 
the control of changing only the pulse width of the DC 
power source will become insufficient for supplying a 
sufficient current to the load. To comply with this, limita- 
tion is imposed by the phase detecting circuit 8 on the 
relationship between the resonance frequency of the 
piezoelectric transformer 4 and the driving frequency. 
Specifically, the driving range is previously set within a 
range P-1-P2 with respect to the resonance frequency of 
the piezoelectric transformer. The phase detecting cir- 
cuit 8 detects the phase difference P between the volt- 
age across the feedback resistor 6 and the input voltage 
of the piezoelectric transformer 4, and sets the driving 
frequency via the variable oscillation circuit 1 so that the 
phase difference is always within the preset range P r 
P 2 . In a period when the characteristics of Fig. 4 are 
attained, the range of the driving frequency is within the 
preset range f r f 2 corresponding to the preset range P r 
P 2 . In order to inform whether the driving frequency is 
currently within the preset range or not, the detection 
results of the phase detecting circuit 8 are input also to 
the pulse-width control circuit 9. When the phase differ- 
ence is within the preset range P r P 2 . the above- 
described controls of changing the pulse width of the 
driving signal and changing the DC power source are 
conducted so that the output current is changed as the 
output currents 1, 2, and 3 of Fig. 4. Specifically, when 
the output current is decreased, the pulse-width control 
circuit 9 gives the pulse-width varying circuit 10 instruc- 
tions for increasing the pulse width of the driving signal, 
or those for raising the DC output voltage of the DC-DC 
converter 1 1, so that the amplitude of the output signal 
of the waveform shaping circuit 2 is increased. By con- 
trast, when the output current is increased, the pulse- 
width control circuit 9 gives the pulse-width varying cir- 
cuit 1 0 instructions for decreasing the pulse width of the 
driving signal, or those for lowering the DC output volt- 
age of the DC-DC converter 1 1 , so that the amplitude of 
the output signal is decreased. When the phase differ- 
ence is caused to be outside the preset range PyP 2 , 
the operation of the pulse-width control circuit 9 is 
stopped and the driving frequency is changed via the 
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variable oscillation circuit 1 so that the phase difference 
is always equal to or smaller than Thereafter, the 
pulse-width varying circuit 10 and the DC-DC converter 
1 1 cooperate to change the input voltage of the piezoe- 
lectric transformer 4. 5 

In the embodiment, the phase difference between 
the driving voltage of the piezoelectric transformer 4 
and the current flowing into the cold cathode fluorescent 
lamp 5 which is the load is used in the detection of the 
resonance characteristics of the piezoelectric trans- io 
former 4. It is a matter of course that the same effects 
can be attained in a configuration in which the phase dif- 
ference between the driving voltage of the cold cathode 
fluorescent lamp 5 which is the load and the current 
flowing into the cold cathode fluorescent lamp 5, that is 
between the input and output voltages of the piezoelec- 
tric transformer 4, that between the input and output 
currents of the piezoelectric transformer 4, the inclina- 
tion of the frequency characteristics of the input or out- 
put current of the piezoelectric transformer 4, or the like 20 
is used. 

An inverter power source apparatus using a piezo- 
electric transformer can be provided in which the control 
range of the output current is widened by the above- 
described operations of controlling the pulse width of 25 
the driving signal and controlling the DC power source, 
so that, even when the load is changed, the apparatus 
can sufficiently comply with the change, and in which 
the driving efficiency is made high by setting the rela- 
tionship between the resonance frequency of the piezo- 30 
electric transformer and the driving frequency 
substantially constant by the control of the driving fre- 
quency. 

(Embodiment 3) 35 

Fig. 5 is a block diagram showing an inverter power 
source apparatus using a piezoelectric transformer 
which is a third embodiment of the invention. In the fig- 
ure, the piezoelectric transformer 4 may be a piezoelec- 40 
trie transformer of any desired type, i.e., the Rosen type 
or another type. A variable oscillation circuit 1 generates 
an AC driving signal of a frequency which is in the vicin- 
ity of the resonance frequency of the piezoelectric trans- 
former 4. The output of the variable oscillation circuit 1 45 
is input to a pulse-width varying circuit 10 wherein the 
AC output signal of the variable oscillation circuit 1 is 
subjected to the pulse width modulation. When the pie- 
zoelectric transformer 4 is driven by a driving signal hav- 
ing a pulse waveform, high-frequency components so 
other than those in the vicinity of the resonance fre- 
quency are transformed into heat in the piezoelectric 
transformer 4. In the view point of the reliability of the 
piezoelectric transformer 4 and the conversion effi- 
ciency, the high-frequency components of the output 55 
signal of the variable oscillation circuit 1 are removed 
away by a waveform shaping circuit 2 so that the output 
signal is shaped into a substantially sinusoidal wave. In 
a simple case, the waveform shaping circuit 2 is a low 



pass filter. In the case where the efficiency is especially 
significant, a bandpass filter is used as the waveform 
shaping circuit 2. The output of the waveform shaping 
circuit 2 is subjected by a driving circuit 3 to current 
amplification or voltage amplification so as to be ampli- 
fied to a level sufficient for driving the piezoelectric 
transformer 4. The driving circuit 3 is configured by only 
a usual amplifying circuit consisting of transistors, or by 
a combination of an amplifying circuit and a step-up 
transformer. The output of the driving circuit 3 is input to 
the piezoelectric transformer 4. The piezoelectric trans- 
former 4 boosts the input voltage by the piezoelectric 
effect. The output signal of the piezoelectric transformer 
is applied to a cold cathode fluorescent lamp 5 so that 
the cold cathode fluorescent lamp 5 is lit. 

The characteristics such as the resonance fre- 
quency of the piezoelectric transformer 4 are varied by 
changes in environments such as the ambient tempera- 
ture and the load, or by a temperature rise due to the 
driving operation. If the piezoelectric transformer 4 is 
driven by a constant frequency, therefore, the relation- 
ship between the resonance frequency of the piezoelec- 
tric transformer 4 and the driving frequency is varied. If 
the driving frequency is largely deviated from the reso- 
nance frequency of the piezoelectric transformer 4, the 
voltage step-up ratio of the piezoelectric transformer 4 is 
critically reduced and a sufficient voltage cannot be sup- 
plied to the load. As a result, a sufficient current cannot 
be caused to flow through the cold cathode fluorescent 
lamp 5, and the cold cathode fluorescent lamp 5 cannot 
keep sufficient brightness. 

The circuit shown in Fig. 5 can comply with the var- 
iation in the characteristics such as the resonance fre- 
quency of the piezoelectric transformer 4. A feedback 
resistor 6 having a small resistance is connected in 
series to the cold cathode fluorescent lamp 5. The feed- 
back resistor 6 is used for detecting the current flowing 
through the cold cathode fluorescent lamp 5. The volt- 
age across the feedback resistor 6 is input to a current 
detecting circuit 7. The current detecting circuit 7 
detects the load current flowing through the cold cath- 
ode fluorescent lamp 5, from the voltage across the 
feedback resistor 6, and supplies the results to a pulse- 
width control circuit 9. The pulse-width control circuit 9 
controls the pulse width of the output signal of the vari- 
able oscillation circuit 1 via the pulse-width varying cir- 
cuit 10 so that the voltage across the feedback resistor 
6 is constant, i.e., the load current flowing through the 
cold cathode fluorescent lamp 5 is constant. When the 
current of the cold cathode fluorescent lamp 5 is 
decreased, for example, the voltage across the feed- 
back resistor 6 is lowered. The pulse-width control cir- 
cuit 9 detects that the voltage across the feedback 
resistor 6 becomes lower than a predetermined value, 
and gives the pulse-width varying circuit 10 instructions 
for increasing the pulse width of the driving signal. Con- 
sequently, the amplitude of the output signal of the 
waveform shaping circuit 2 is increased so that the input 
of the piezoelectric transformer 4 is increased, thereby 



10 



19 



EP0 762 808 A2 



20 



increasing the current of the cold cathode fluorescent 
lamp 5. By contrast, when the current of the cold cath- 
ode fluorescent lamp 5 is increased, the voltage across 
the feedback resistor 6 is raised. The pulse-width con- 
trol circuit 9 detects that the voltage across the feedback 5 
resistor 6 becomes higher than the predetermined 
value, and gives the pulse-width varying circuit 10 
instructions for decreasing the pulse width of the driving 
signal. Consequently, the amplitude of the output signal 
of the waveform shaping circuit 2 is decreased so that w 
the input of the piezoelectric transformer 4 is 
decreased, thereby reducing the current of the cold 
cathode fluorescent lamp 5. As a result of the control, 
the current of the cold cathode fluorescent lamp 5 
becomes substantially constant and the cold cathode 75 
fluorescent lamp is lit with substantially constant bright- 
ness. 

When only the control of changing the pulse width 
of the output signal of the variable oscillation circuit 1 is 
conducted by the pulse-width varying circuit 1 0 in order 20 
to make substantially constant the voltage across the 
feedback resistor 6, i.e., the load current flowing through 
the cold cathode fluorescent lamp 5, however, the pulse 
width of the driving signal is decreased to a very low 
level in the case where the impedance of the cold cath- 25 
ode fluorescent lamp 5 decreases to a very low level. At 
this time, the high-frequency components of the driving 
signal are increased to a very high level so as to 
increase the loss of the piezoelectric transformer 4, 
whereby the driving efficiency of the piezoelectric trans- 30 
former 4 is lowered and reliability also is significantly 
impaired. Fig. 6 shows frequency characteristics of the 
output load current, the phase difference between the 
voltage across the feedback resistor 6 and the input 
voltage of the piezoelectric transformer 4, and the driv- 35 
ing efficiency. The operation of the circuit of Fig. 5 will be 
described with reference to the characteristic graph of 
Fig. 6. In the case where the impedance of the cold 
cathode fluorescent lamp 5 which is the load decreases 
to a very low level, for example, the output current exhib- 40 
its the characteristics of the output current 1 even when 
the driving voltage of the piezoelectric transformer 4 is 
constant. In this case, the output current characteristics 
become excessively large. At the same time when the 
pulse-width control circuit 9 gives the instructions to the 45 
pulse-width varying circuit 10, therefore, the step-up 
ratio of a step-up transformer 13 is changed via a step- 
up ratio varying circuit 12. In other words, when the 
pulse width is too narrow, the step-up ratio of a step-up 
transformer 13 is lowered. Then, the current character- so 
istics are transferred from those of the output current 1 
to those or the output current 2 so that the pulse width 
of the driving signal is returned to a usual one. By con- 
trast, in the case where the impedance of the cold cath- 
ode fluorescent lamp 5 which is the load increases to a 55 
very high level, the output current exhibits the character- 
istics of the output current 3 even when the pulse width 
is widened so that the driving voltage of the piezoelec- 
tric transformer 4 is raised. Thus, it is impossible to take 



out a sufficient output current even when the pulse width 
of the driving signal is widened. At the same time when 
the pulse-width control circuit 9 gives the instructions to 
the pulse-width varying circuit 10, the step-up ratio of 
the step-up transformer 13 is changed via the step-up 
ratio varying circuit 12 so that the current characteristics 
are transferred from those of the output current 1 to 
those of the output current 2, thereby returning the 
pulse width of the driving signal to a usual one. The 
raised driving voltage is supplied to the piezoelectric 
transformer 4. Further, 19 is a power source voltage 
detecting circuit. 

When only the controls of changing the pulse width 
of the driving signal and changing the step-up ratio are 
conducted, however, there is a possibility that the rela- 
tionship between the driving frequency and the reso- 
nance frequency of the piezoelectric transformer 4 is 
not substantially constant. When the driving frequency 
is largely deviated from the resonance frequency of the 
piezoelectric transformer 4, the driving efficiency of the 
piezoelectric transformer 4 is significantly lowered, or 
the control of changing only the pulse width will become 
insufficient for supplying a sufficient current to the load. 
To comply with this, in the circuit of Fig. 5, limitation is 
imposed by the phase detecting circuit 8 on the relation- 
ship between the resonance frequency of the piezoelec- 
tric transformer 4 and the driving frequency. Specifically, 
the driving range of the phase difference P between the 
voltage across the feedback resistor 6 and the input 
voltage of the piezoelectric transformer 4 is previously 
set within a range P1-P2. In a period when the charac- 
teristics of Fig. 6 are attained, the above-mentioned set- 
ting corresponds to that in which the driving frequency 
is set to the preset range f r f 2 . 

The operation of the circuit of Fig. 5 will be 
described with reference to the characteristic graph of 
Fig. 6. The phase detecting circuit 8 detects the phase 
difference P between the voltage across the feedback 
resistor 6 and the input voltage of the piezoelectric 
transformer 4, and sets the driving frequency via the 
variable oscillation circuit 1 so that the phase difference 
is always within the preset range P1-P2. In order to 
inform whether the driving frequency is currently within 
the preset range or not, the detection results of the 
phase detecting circuit 8 are input also to the pulse- 
width control circuit 9. When the phase difference is 
within the preset range P1-P2. the above-described con- 
trols of changing the pulse width of the driving signal 
and changing the step-up ratio of the step-up trans- 
former are conducted. Specifically, when the output cur- 
rent is decreased, the pulse-width control circuit 9 gives 
the pulse-width varying circuit 10 instructions for 
increasing the pulse width of the driving signal, or those 
for raising the step-up ratio of the step-up transformer 
13, so that the amplitude of the output signal of the 
waveform shaping circuit 2 is increased. By contrast, 
when the output current is increased, the pulse-width 
control circuit 9 gives the pulse-width varying circuit 10 
instructions for decreasing the pulse width of the driving 
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signal, or those for lowering the step-up ratio of the step- 
up transformer 13, so that the amplitude of the output 
signal is decreased. When the phase difference is 
caused to be outside the preset range Pr p 2. the oper- 
ation of the pulse-width control circuit 9 is stopped and 5 
the driving frequency is changed via the variable oscilla- 
tion circuit 1 so that the phase difference is always 
within the preset range PrP 2 . Thereafter, the pulse- 
width varying circuit 10 and the step-up ratio varying cir- 
cuit 1 2 cooperate to change the input voltage of the pie- 10 
zoelectric transformer 4. 

In the embodiment, the phase difference between 
the driving voltage of the piezoelectric transformer 4 
and the current f towing into the cold cathode fluorescent 
lamp 5 which is the load is used in the detection of the 15 
resonance characteristics of the piezoelectric trans- 
former 4. It is a matter of course that the same effects 
can be attained in a configuration in which the phase dif- 
ference between the driving voltage of the cold cathode 
fluorescent lamp 5 which is the load and the current 20 
flowing into the cold cathode fluorescent lamp 5, that 
between the input and output voltages of the piezoelec- 
tric transformer 4, that between the input and output 
currents of the piezoelectric transformer 4, the inclina- 
tion of the frequency characteristics of the input or out- 25 
put current of the piezoelectric transformer 4, or the like 
is used. 

An inverter power source apparatus using a piezo- 
electric transformer can be provided in which the control 
range of the output current is widened by the above- 30 
described operations of controlling the pulse width of 
the driving signal and controlling the step-up ratio, so 
that, even when the load is largely changed, the appara- 
tus can sufficiently comply with the change, and in 
which the driving efficiency is made high by setting the 35 
relationship between the resonance frequency of the 
piezoelectric transformer and the driving frequency sub- 
stantially constant by the control of the driving fre- 
quency. 

40 

(Embodiment 4) 

Fig. 7 is a block diagram showing an inverter power 
source apparatus using a piezoelectric transformer 
which is a fourth embodiment of the invention. In the fig- 45 
ure, the piezoelectric transformer 4 may be a piezoelec- 
tric transformer of any desired type, i.e., the Rosen type 
or another type. A variable oscillation circuit 1 generates 
an AC driving signal of a frequency which is in the vicin- 
ity of the resonance frequency of the piezoelectric trans- so 
former 4. The output of the variable oscillation circuit 1 
is input to a pulse-width varying circuit 10 wherein the 
AC output signal of the variable oscillation circuit 1 is 
subjected to the pulse width modulation. When the pie- 
zoelectric transformer 4 is driven by a driving signal hav- 55 
ing a pulse waveform, high-frequency components 
other than those in the vicinity of the resonance fre- 
quency are transformed into heat in the piezoelectric 
transformer 4. In the view point of the reliability of the 
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piezoelectric transformer 4 and the conversion effi- 
ciency, the high-frequency components of the output 
signal of the variable oscillation circuit 1 are removed 
away by a waveform shaping circuit 2 so that the output 
signal is shaped into a substantially sinusoidal wave. In 
a simple case, the waveform shaping circuit 2 is a low 
pass filter. In the case where the efficiency is especially 
significant, a bandpass filter is used as the waveform 
shaping circuit 2. The output of the waveform shaping 
circuit 2 is subjected by a driving circuit 3 to current 
amplification or voltage amplification so as to be ampli- 
fied to a level sufficient for driving the piezoelectric 
transformer 4. The driving circuit 3 is configured by only 
a usual amplifying circuit consisting of transistors, or by 
a combination of an amplifying circuit and a step-up 
transformer. The output of the driving circuit 3 is input to 
the piezoelectric transformer 4. The piezoelectric trans- 
former 4 boosts the input voltage by the piezoelectric 
effect. An AC high voltage which is the output signal of 
the piezoelectric transformer is applied to a cold cath- 
ode fluorescent lamp 5 which is a load, so that the cold 
cathode fluorescent lamp 5 is lit. 

The characteristics such as the resonance fre- 
quency of the piezoelectric transformer 4 are varied by 
changes in environments such as the ambient tempera- 
ture and the load, or by a temperature rise due to the 
driving operation. If the piezoelectric transformer 4 is 
driven by a constant frequency, therefore, the relation- 
ship between the resonance frequency of the piezoelec- 
tric transformer 4 and the driving frequency is varied. If 
the driving frequency is largely deviated from the reso- 
nance frequency of the piezoelectric transformer 4, the 
voltage step-up ratio of the piezoelectric transformer 4 is 
critically reduced. Consequently, the load cannot be 
supplied with a sufficient current, with the result that a 
sufficient current cannot be caused to flow through the 
cold cathode fluorescent lamp 5 which is the load, and 
the cold cathode fluorescent lamp 5 cannot keep suffi- 
cient brightness. 

The circuit shown in Fig. 7 can comply with the var- 
iation in the resonance frequency of the piezoelectric 
transformer 4. A feedback resistor 6 having a small 
resistance is connected in series to the cold cathode flu- 
orescent lamp 5. The feedback resistor 6 is used for 
detecting the current flowing through the cold cathode 
fluorescent lamp 5. The voltage across the feedback 
resistor 6 is input to a current detecting circuit 7. The 
current detecting circuit 7 detects the load current flow- 
ing through the cold cathode fluorescent lamp 5, from 
the voltage across the feedback resistor 6, and supplies 
the results to a pulse-width control circuit 9. The pulse- 
width control circuit 9 controls the pulse width of the out- 
put signal of the variable oscillation circuit 1 via the 
pulse-width varying circuit 1 0 so that the voltage across 
the feedback resistor 6 is constant, i.e., the load current 
flowing through the cold cathode fluorescent lamp 5 is 
constant. When the current of the cold cathode fluores- 
cent lamp 5 is decreased, for example, the voltage 
across the feedback resistor 6 is lowered. The pulse- 
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width control circuit 9 detects that the voltage across the 
feedback resistor 6 becomes lower than a predeter- 
mined value, and gives the pulse-width varying circuit 
10 instructions for increasing the pulse width of the driv- 
ing signal. Consequently, the amplitude of the output 5 
signal of the waveform shaping circuit 2 is increased so 
that the input of the piezoelectric transformer 4 is 
increased, thereby increasing the current of the cold 
cathode fluorescent lamp 5. By contrast, when the cur- 
rent of the cold cathode fluorescent lamp 5 is increased, 10 
the voltage across the feedback resistor 6 is raised. The 
pulse-width control circuit 9 detects that the voltage 
across the feedback resistor 6 becomes higher than the 
predetermined value, and gives the pulse-width varying 
circuit 10 instructions for decreasing the pulse width of 75 
the driving signal. Consequently, the amplitude of the 
output signal of the waveform shaping circuit 2 is 
decreased so that the input of the piezoelectric trans- 
former 4 is decreased, thereby reducing the current of 
the cold cathode fluorescent lamp 5. As a result of the 20 
control, even when the load is varied, the current of the 
cold cathode fluorescent lamp 5 becomes substantially 
constant and the cold cathode fluorescent lamp is lit 
with substantially constant brightness. 

When only the controls of changing the pulse width 25 
of the driving signal is conducted, however, there is a 
possibility that the relationship between the driving fre- 
quency and the resonance frequency of the piezoelec- 
tric transformer 4 is not substantially constant. When 
the driving frequency is largely deviated from the reso- 30 
nance frequency of the piezoelectric transformer 4, the 
driving efficiency of the piezoelectric transformer 4 is 
significantly lowered, or the control of changing only the 
pulse width will become insufficient for supplying a suf- 
ficient current to the load. To comply with this, in the cir- 35 
cuit of Fig. 7, limitation is imposed by the phase 
detecting circuit 8 on the relationship between the reso- 
nance frequency of the piezoelectric transformer 4 and 
the driving frequency, and the output of the current 
detecting circuit 7 is input also to the variable oscillation 40 
circuit 1, thereby imposing limitation on the relationship 
between the resonance frequency of the piezoelectric 
transformer 4 and the driving frequency and changing 
the driving frequency in a limited range. 

Fig. 8 shows frequency characteristics of the output 45 
current of the piezoelectric transformer 4 which enters 
the load, the phase difference between the voltage 
across the feedback resistor 6 and the input voltage of 
the piezoelectric transformer 4, and the driving effi- 
ciency. TTie operations of limiting the driving frequency 50 
and changing the driving frequency in the circuit of Fig. 
7 will be described with reference to the characteristic 
graph of Fig. 8. Before the fluorescent lamp is driven, a 
range P r P2 of the phase difference is previously deter- 
mined. When the circuit of Fig. 1 start to operate, the 55 
variable oscillation circuit 1 generates the AC driving 
signal of a frequency which is in the vicinity of and 
higher than the resonance frequency of the piezoelec- 
tric transformer 4. The phase detecting circuit 8 detects 



the phase difference P between the voltage across the 
feedback resistor 6 and the input voltage of the piezoe- 
lectric transformer 4, and sets the driving frequency via 
the variable oscillation circuit 1 so that the phase differ- 
ence is always equal to or smaller than P v In an initial 
stage, the operation frequency is sufficiently higher than 
the resonance frequency, and hence the phase differ- 
ence is not smaller than P 1 so that the driving frequency 
is lowered until the phase difference is lowered so as 
not to be larger than P^ In order to inform whether the 
driving frequency is currently within the preset range or 
not, the detection results of the phase detecting circuit 8 
are input also to the pulse-width control circuit 9. 

When the phase difference is within the preset 
range PrP 2 . the control of changing the pulse width of 
the driving signal is enabled. Specifically, when the 
phase difference is within the preset range P r P 2 and 
the output current is decreased, the pulse-width control 
circuit 9 gives the pulse-width varying circuit 10 instruc- 
tions for increasing the pulse width of the driving signal, 
so that the amplitude of the output signal of the wave- 
form shaping circuit 2 is increased. When the phase dif- 
ference is within the preset range P V P 2 and, even in the 
case where the pulse width of the driving signal is 
increased, the output current remains smaller than a 
predetermined value, the driving frequency is lowered 
within a preset frequency range f-j-f 2 corresponding to 
the phase-difference range P r P 2 so that the output 
voltage is raised, thereby increasing the output current. 
By contrast, when the load current is increased, the 
pulse-width control circuit 9 gives the pulse-width vary- 
ing circuit 1 0 instructions for decreasing the pulse width 
of the driving signal, so that the amplitude of the output 
signal is decreased. When the phase difference is 
within the preset range P r P 2 and, even in the case 
where the pulse width of the driving signal is decreased, 
the output current remains larger than the predeter- 
mined value, the driving frequency is raised within the 
preset frequency range f^ corresponding to the 
phase-difference range P 1 -P 2 , thereby decreasing the 
output current. When the phase difference is caused by 
any reason to be equal to or larger than P^ the opera- 
tion of the pulse-width control circuit 9 is stopped and 
the driving frequency is changed via the variable oscilla- 
tion circuit 1 so that the phase difference is always equal 
to or smaller than , with the result that the input of the 
piezoelectric transformer 4 is changed by the pulse- 
width varying circuit 10. 

In the embodiment, the phase difference between 
the driving voltage of the piezoelectric transformer 4 
and the current flowing into the cold cathode fluorescent 
lamp 5 which is the load is used in the detection of the 
resonance characteristics of the piezoelectric trans- 
former 4. It is a matter of course that the same effects 
can be attained in a configuration in which the phase dif- 
ference between the driving voltage of the cold cathode 
fluorescent lamp 5 which is the load and the current 
flowing into the cold cathode fluorescent lamp 5, that 
between the input and output voltages of the piezoelec- 
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trie transformer 4, that between the input and output 
currents of the piezoelectric transformer 4, the fre- 
quency characteristics of the input or output current of 
the piezoelectric transformer 4, or the like is used. 

An inverter power source apparatus using a piezo- s 
electric transformer can be provided in which the control 
range of the output current is widened by the above- 
described operations of changing the pulse width of the 
driving signal and changing the driving frequency while 
limiting the variable frequency range of the driving sig- 10 
nal, so that even when the load is largely changed, the 
apparatus can sufficiently comply with the change, and 
in which the driving efficiency is made high by setting 
the driving frequency within the preset range which is 
determined on the basis from the resonance character- is 
istics of the piezoelectric transformer. 

Claims 

1 . An inverter power source apparatus using a piezo- 20 
electric transformer, comprising: 

variable oscillating means for oscillating a 
pulse signal; 

pulse-width changing means for changing a 25 
width of said pulse signal of said variable oscil- 
lating means; 

driving means for generating a driving signal on 
the basis of an output of said pulse-width 
changing means; 30 3. 

a piezoelectric transformer which is driven by 
said driving signal, drives a predetermined 
load, and has input and output electrodes; 
detecting means for detecting a relationship 
between said driving signal and a resonance 35 
frequency of said piezoelectric transformer, 
and for, on the basis of a result of the detection, 
controlling a frequency of said oscillation signal 
of said variable oscillating means so that a dif- 
ference between said resonance frequency 40 
and a frequency of said driving signal is sub- 
stantially within a preset range; and 
pulse-width controlling means for, when a 
detection results of said detecting means 
shows that said difference between said reso- 45 
nance frequency and said frequency of said 
driving signal is substantially within said preset 
range, controlling said pulse-width changing 
means so that a current flowing through said 
load is substantially constant. so 

2. An inverter power source apparatus using a piezo- 
electric transformer, comprising: 



variable oscillating means for oscillating a 
pulse signal; 

pulse-width changing means for changing a 
width of said pulse signal of said variable oscil- 
lating means; 
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driving means for amplifying a power of an out- 
put signal of said pulse-width changing means, 
thereby generating a driving signal; 
a piezoelectric transformer which is driven by 
said driving signal, drives a predetermined 
load, and has input and output electrodes; 
detecting means for detecting a relationship 
between said driving signal and a resonance 
frequency of said piezoelectric transformer, 
and for, on the basis of a result of the detection, 
controlling a frequency of said oscillation signal 
of said variable oscillating means so that a dif- 
ference between said resonance frequency 
and a frequency of said driving signal is sub- 
stantially within a preset range; 
pulse-width controlling means for, when a 
detection results of said detecting means 
shows that said difference between said reso- 
nance frequency and said frequency of said 
driving signal is substantially within said preset 
range, controlling said pulse-width changing 
means so that a current flowing through said 
load is substantially constant; and 
a DC-DC converter which changes a voltage of 
a direct-current power source of said driving 
means on the basis of a pulse width in said 
pulse-width changing means or on the basis of 
a power source voltage. 

An inverter power source apparatus using a piezo- 
electric transformer, comprising: 

variable oscillating means for oscillating a 
pulse signal; 

pulse-width changing means for changing a 
width of said pulse signal of said variable oscil- 
lating means; 

driving means for amplifying a power of an out- 
put signal of said pulse-width changing means, 
thereby generating a driving signal; 
a step-up transformer in which a step-up ratio 
of boosting said driving signal is changeable; 
a piezoelectric transformer which is driven by 
an output of said step-up transformer, drives a 
predetermined load, and has input and output 
electrodes; 

detecting means for detecting a relationship 
between said driving signal and a resonance 
frequency of said piezoelectric transformer, 
and for, on the basis of a result of the detection, 
controlling a frequency of said oscillation signal 
of said variable oscillating means so that a dif- 
ference between said resonance frequency 
and a frequency of said driving signal is sub- 
stantially within a preset range; 
pulse-width controlling means for, when a 
detection results of said detecting means 
shows that said difference between said reso- 
nance frequency and said frequency of said 
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5. 



driving signal is substantially within said preset 
range, controlling said pulse-width changing 
means so that a current flowing through said 
load is substantially constant; and 
step-up ratio changing means for changing 5 
said step-up ratio of said step-up transformer 
on the basis of a pulse width in said pulse-width 
changing means or on the basis of a power 
source voltage. 

10 

An inverter power source apparatus using a piezo- 
electric transformer, comprising: 

variable oscillating means for oscillating a 
pulse signal; is 
pulse-width changing means for changing a 
width of said pulse signal of said variable oscil- 
lating means; 

driving means for generating a driving signal on 
the basis of an output of said pulse-width 20 
changing means; 

a piezoelectric transformer which is driven by 
said driving signal, drives a predetermined 
load, and has input and output electrodes; 
detecting means for detecting a relationship 25 
between laid driving signal and a resonance 
frequency of said piezoelectric transformer, 
and for, on the basis of a result of the detection, 
controlling a frequency of said oscillation signal 
of said variable oscillating means so that a dif- 30 
ference between said resonance frequency 
and a frequency of said driving signal is sub- 
stantially within a preset range; and 
pulse-width controlling means for, when a 
detection results of said detecting means 35 
shows that said difference between said reso- 
nance frequency and said frequency of said 
driving signal is substantially within said preset 
range, controlling said pulse-width changing 
means so that a current flowing through said 40 
load is substantially constant, 
said variable oscillating means bringing said 
frequency to said resonance frequency as 
close as possible, until the width of said pulse 
signal reaches a predetermined limit. 45 

An inverter power source apparatus using a piezo- 
electric transformer, comprising: 



detecting means for detecting a relationship 
between said driving signal and a resonance 
frequency of said piezoelectric transformer, 
and for, on the basis of a result of the detection, 
controlling a frequency of said oscillation signal 
of said variable oscillating means so that a dif- 
ference between said resonance frequency 
and a frequency of said driving signal is sub- 
stantially within a preset range; and 
pulse-width controlling means for, when a 
detection results of said detecting means 
shows that said difference between said reso- 
nance frequency and said frequency of said 
driving signal is substantially within said preset 
range, controlling said pulse-width changing 
means so that a current flowing through said 
load is substantially constant, 
said pulse-width controlling means bringing a 
duty ratio of a pulse to a predetermined value 
as close as possible, until said frequency 
reaches a limit value which is determined on 
the basis of said resonance frequency. 

An inverter power source apparatus using a piezo- 
electric transformer according to any one of claims 
1 to 5, wherein said detecting means comprises a 
circuit which detects one of: 

a phase difference between said driving signal 
of said piezoelectric transformer and a current 
flowing into said load; 

a phase difference between a voltage applied 
to said load and the current flowing into said 
load; 

a phase difference between input and output 
voltages of said piezoelectric transformer; 
a phase difference between input and output 
currents of said piezoelectric transformer; and 
inclination of frequency characteristics of the 
input or output current of said piezoelectric 
transformer. 

A liquid crystal display apparatus wherein said 
apparatus uses as a power source an inverter 
power source apparatus using a piezoelectric trans- 
former according to any one of claims 1 to 5, said 
load is a fluorescent lamp, and said fluorescent 
lamp is used as a back light. 



variable oscillating means for oscillating a 
pulse signal; pulse-width changing means for 
changing a width of said pulse signal of said 
variable oscillating means; 
driving means for generating a driving signal on 
the basis of an output of said pulse-width 
changing means; 

a piezoelectric transformer which is driven by 
said driving signal, drives a predetermined 
load, and has input and output electrodes; 
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Fig. 4 
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